Absolute auditory thresholds were estimated in chickens at 0 and 4 days after hatching. Momentary suppressions of the chicks' regular peeping, following the onset of a tone, were used as indications of stimulus detection. In the first experiment a staircase procedure was used to estimate thresholds. The absolute thresholds of both ages were the same at low frequencies {250-500 Hz}, but at higher frequencies {1-2 kHz} 4-day-old chicks had lower thresholds than the 0-day-old chicks. The estimates of thresholds at 1 kHz were corroborated in the second experiment with a method of constant stimuli. A more efficient modified method of limits was used to replicate the age by frequency interaction in the third experiment. These changing thresholds are likely to reflect a developmental process somewhere in the auditory system and not some nonsensory artifact for two reasons: {a} similar thresholds at low frequencies show that developmental differences are not due to differences in the sensitivity of the testing procedure at the two ages and {b} thresholds obtained from the 4-day-old birds are similar to estimates from mature birds. In conclusion, responsiveness to low frequencies develops before responsiveness to higher frequencies, showing that the development of absolute thresholds is correlated with other measures of functional maturation in the auditory system.
The dependent variable was the duration of peep suppression. Suppression was measured, to the nearest 60th of a second, as the length of time from shortly after the onset of a trial until the next peep. The timing of suppression did not start until 500 ms after the onset of a trial. As discussed below, this half-second of adjustment gives the chicks some time to react to the stimulus before the response is measured and minimizes the chances that the subjects' vocalizations will mask the tones.
Responses of 'young animals often depend on the "state" of the subject (Hutt et al., 1968; Kearsley, 1973}. Thus our trials were begun only when animals were peeping regularly. The computer started trials only after the subject had peeped twice in 2 s (as in Gray and Rubel, 1981}. Data were collected in the same way during stimulus trials and control trials (explained below}. As soon as the bird peeped twice in 2 s, a stimulus was {or was not} turned on. Starting after 500 ms, the time until the next peep was recorded.
Procedure
An adaptive procedure was used to estimate auditory thresholds. That is, the intensities of the stimuli were varied according to the subject's previous responses.
Two suppression times from a pair of trials were compared to form a "response." One "stimulus" trial and one "control" trial were presented in random order within each pair. On stimulus trials a tone was presented and on control trials no tone was presented. Each response, therefore, consisted of one suppression on a stimulus trial and another suppression on a control trial. If the suppression time on the stimulus trial was greater than that on the control trial, the response was considered correct. If the suppression time on ß the stimulus trial was less than or equal to that on the control trial, the response was considered incorrect.
A 2 down-1 up staircase rule was used to change intensities, as shown in Fig. 1 . After each incorrect response, the intensity of the stimulus was increased. This increase in intensity constitutes part of an up run. The intensity of the stimulus was decreased after two su•essive correct responses. This decrease in intensity constitutes part of a down run. Changes of direction in the staircase, or "peaks," occur at stimulus levels where the subject's responses cause up runs to change to down runs or vice versa. An advantage of the double-interval staircase procedure is that each stimulus trial has its own control. This should correct for any differences in baseline peep rates over ages or trials. Staircases were started at 25 dB SPL at all frequencies. This starting level was at the lowest threshold estimated from pilot data. Initially soft stimuli were used because suppressions to loud tones are known to habituate (Gray and Rubel, 1981; Kerr et al., 1979 ).
The step size was decreased after each change of direction: from 8-6-4-3 dB. That is, ascending intensities were increased by 8 dB after every incorrect response until the shown by diamonds, occur only when suppression on the stimulus trial is longer than suppression on the control trial; otherwise responses are incorrect and are shown by circles. Intensity is increased after every incorrect response and decreased after two successive correct responses. Peaks occur where these responses cause increasing intensities to decrease and vice versa. Changes in intensity decrease after each peak, from + 8 to --6 to + 4 to --3 dB. Threshold is calculated from the mean of the first four peaks.
bird got two successive responses correct. This intensity defined the first peak and started the first down run. If the first two responses were correct, then the starting level was used as the first peak. Intensities were then decreased by 6 dB until the first incorrect response. This intensity defined the second peak and ended the first down run. Intensities were then increased by 4 dB until the third peak, then subsequently changed by 3 dB until the end of the test. Decreasing step sizes after each change of direction should provide both efficient and precise estimates of thresholds, as the algorithm progressively converges on the correct value. Thresholds were calculated as the average of the middle of the first two down runs; that is, the mean of peaks 1-4. Data were thus retained for analysis, only if the subject completed four peaks in the staircase. The mean of midpoints from several down runs is thought to be the most robust and unbiased estimate of threshold (Levitt, 1971) , and at least four changes of direction are required to calculate such a mean.
Testing began after 2-5 min of acclimation to the chamber and as soon as the birds were peeping regularly. Testing terminated after seven changes of direction or 34 trials, whichever came first. Testing was also terminated at any time after 2 min without a peep from the subject. At least 7.5 s elapsed between all trials. Tones were turned off shortly after the peep that ended the trial (a random period between 0.5-2.5 s).
There were ten animals in each of 12 groups. Two ages of subjects {0-and 4-day-old} were tested at six frequencies {125, 250, 500, 1000, 2000, and 4000 Hz}. dure was similar to the one used to test chickens with the critical exception that suppressions on all trials were random numbers. Staircases were started at 25 dB and run for seven changes of direction or 34 responses. Correct responses occurred half the time, when the random number assigned to the "stimulus" trial was greater than the random number assigned to the "control" trial. Two successive correct responses decreased the intensity of the modeled stimulus. Otherwise, the intensity was increased.
Step sizes were decreased from 8-6-4-3 dB after each peak. The mean of the first four peaks was recorded as one random estimate of threshold. The mean of 32 767 such estimates was used as random expectation.
B. Results

Absolute thresholds
Estimates of absolute thresholds are shown in Fig. 2 for each of 12 groups: two ages and six frequencies.
T tests showed significant differences between the two ages at 1 and 2 kHz [4.3 < t { 18} < 4.5, p < 0.0003]; the ages were not different at any other frequency [ --1.3 < t (18} < 0, p > 0.2]. Therefore, 0-and 4-day-old chicks appear to have equivalent thresholds at 250 and 500 Hz, but they have different thresholds at 1 and 2 kHz. Comparisons at 125 and 4000 Hz are not meaningful as discussed below.
A two-way, cross-classified analysis of variance confirreed these trends. There was a highly significant age by frequency interaction IF{5, 108} = 5.5, p < 0.0002], no significant main effect of age IF(1, 108} = 2.6, p > 0.1], and a marginally significant effect of frequency IF {5, 108} = 2.6,
Comparison with random expectation
Random expectation under these conditions was 47.5 dB, as derived from a neutral model. The probabilities that a randomly generated threshold would be as low as the estimated thresholds were evaluated with one-tailed t tests. For 0-day-old chicks these probabilities were 0.47, 0.02, 0.01, 0.48, 0.31, and 0.12 at 125 to 4000 Hz, respectively. For 4-day-old chicks these probabilities were 0.32, 0.052, 0.085, 0.0001, 0.0001, and 0.30 at 125 to 4000 Hz, respectively. That is, both ages gave thresholds no different from random behavior at 125 and 4000 Hz. When thresholds of both ages are random {p > 0.05}, the data are useless for comparison because the data underestimate the real thresholds by an unknown amount. It is therefore not appropriate to compare thresholds between the two ages at 125 and 4000 Hz in these data. Frequencies such as 250, 500, 1000, and 2000 Hz where at least one group of subjects gave thresholds that were significantly different from random expectation {p < 0.05} are, however, valid for comparison; we know the ontogenetic trends are at least as large as those indicated.
Derived psychometric function
The psychometric function depicts performance over a fairly wide range of stimuli. This is usually obtained from a method of constant stimuli as in experiment 2, where many responses are observed to preselected stimuli {Kling and Riggs, 1971; Martin et al., 1980) . Although the staircase procedure concentrates stimuli at intensities close to the estimated threshold, the responses from all of the stimulus trials can be reorganized to show suppressions as a function of intensity. Figure 3 shows average suppressions as a function of stimulus intensity, considering only the stimulus trial of each pair. The duration of suppression in seconds is plotted in reference to the estimated threshold of each age and frequency combination (dB relative to threshold). The average suppression over all control trials is shown at the far left. Notice first in Fig. 3 that suppressions increase with increasing intensities, demonstrating that the response was under stimulus control. Figure 3 also indicates that the estimated threshold (0 dB relative to threshold) was the lowest intensity where suppression times were significantly greater than those on control trials. This shows that the midpoint of the first two down runs occurs at an intensity which elicits suppressions that are just significantly longer than baseline.
The problem of habituation
Young chicks habituate to acoustic stimulation (Gray and Rubel, 1981; Kerr et al., 1979; Rubel and Rosenthal, 1975) , as do young mammals (Haroutunian and Campbell, 1981) . Suppressions decrease after repeated presentations of the same stimulus; thus psychometric functions in these young subjects probably shift toward the right over time as estimates of thresholds increase. The staircase procedure can, however, be used to track changes in threshold due to habituation over trials. Figure 4 shows the average intensity of all stimuli at each peak of the staircases in an attempt to depict the process ofhabituation. Intensities clearly rise over peaks, showing that progressively louder tones are required to elicit reliable.suppression. One problem in this developmental study was to include enough trials to get an accurate estimate of threshold, yet few enough trials to avoid increasing the estimate due to habituation. Although it appears from Fig. 4 that the O-dayold chicks habituated more than the 4-day-old chicks, the amount of habituation depends on frequency. For example, between the 1st and 4th peaks at 1 and 2 kHz the mean intensity increased in 0-day-old chicks and decreased in 4-day-old chicks. At 250 and 500 Hz, in contrast, mean intensity decreased in 0-day-old chicks and increased in 4-day-old chicks. Thus the inclusion of data up to the 4th peak in the calculation of thresholds makes the age by frequency interaction clearer.
The important age by frequency interaction in thresholds, however, does not depend on habituation. A re-examination of the data shows that all of the significant developmental differences can be seen from using only the first peak from the staircase as an estimate of threshold, and there is no significant difference between the ages in habituation at the first peak (p > 0.5). Using the first peak as the dependent variable, the two ages differed at 1 and 2 kHz [2.9 <t(18}< 3. 
1'he age by frequency interact/on
At 250 and 500 Hz, absolute thresholds in 0-day-old chicks are no higher than those in 4-day-old chicks. These low-frequency thresholds from the younger subjects are significantly different from random expectation, as discussed above. There is thus no reason to believe these estimates are biased. At 4 days of age these low-frequency thresholds approach a reliable difference from random expectation. This suggests that at low frequencies the thresholds of both ages are likely to be the same.
Because the low-frequency thresholds from the youngest subjects are at least as sensitive as the thresholds from the older subjects, there can be no confounding factors unrelated to auditory perceptions that cause differences in estimated thresholds at these two ages. There is additional evidence that this procedure is appropriate for estimating neonatal thresholds because the data are comparable to results from operant conditioning in adult birds (compare Figs. 2 and 8 at 250 and 500 Hz).
Thresholds at 1 and 2 kHz are clearly lower at 4 days after hatching than on the first day. These data indicate that sensitivity to high frequencies develops after sensitivity to lower frequencies.
In conclusion, the age by frequency interaction shows that the observed differences have something to' do with auditory perception. Had there been a consistent difference with age across all frequencies, the appropriateness of the technique for the youngest subjects would remain in doubt.
The procedure
These data demonstrate that the 2 down-1 up staircase works well with this unconditioned response to quickly estimate auditory thresholds in young animals. The psychometric function in Fig. 3 Habituation to the stimuli over repeated trials is a potential problem, but as indicated by a multiple regression discussed above, the staircase was able to successfully compensate for this confounding variable. To further assess the effects of this habituation, thresholds at one frequency {1 kHz} were re-estimated in experiment 2 with a method of constant stimuli.
II. EXPERIMENT 2: METHOD OF CONSTANT STIMULI
In this experiment absolute auditory thresholds at 1000 Hz were estimated in two ages of young chickens with a method of constant stimuli. This technique requires a large number of birds to estimate a single threshold but has four advantages. First, since each bird responds only once to a pure tone, there is no opportunity for habituation. Second, the method of constant stimuli provides detailed information about underlying psychometric functions {Kling and Riggs, 1971 }. Third, the sensitivity of one measure of responsiveness to the tones, the duration of peep suppression, can be compared with that of another dependent variable, the number of peeps in each 10-s trial. Fourth, the test is rapid, taking approximately 3 rain per subject.
The five intensities used in this experiment were selected to bracket the range around the previously estimated thresholds at 1000 Hz. The experiment was primarily designed to determine if 4-day-old chicks had lower thresholds than 0-day-old chicks at 1000 Hz, but also to provide a comparison between the staircase procedure and the method of constant stimuli.
A. Method
Subjects
Subjects were fifty 0-day-old chicks and fifty 4-day-old chicks that had not been previously tested. The testing apparatus was identical to that in experiment 1.
Procedure
Five intensities of pulsing 1000-Hz pure tones were pre- One way to estimate thresholds from these data is to determine the lowest intensity that elicits suppressions that are greater than those on control trials. Since there was no difference between the two ages in the duration of suppressions on control trials [t (98) = 0.3, p > 0.7] , the 100 control trials were pooled and tested against each group of ten suppressions on stimulus trials. The conservative Mann-Whitney U-test first shows a significant difference between stimulus and control trials at 38 dB for 0-day-old chicks ( U = 304, p<0.04) and at 20 dB for 4-day-old chicks (U= 230, p < 0.005).
A more traditional way to plot the results from the method of constant stimuli is the percentage correct, p(c). As in experiment 1, a "correct response" in this experiment was defined as a pair of suppressions where there was a longer interval before the first peep on the stimulus trial than on the control trial for that animal. The inset in Fig. 6 shows the data replotted as percent correct. These psychometric functions are parallel, with the older birds showing greater sensitivity at 1000 Hz than younger birds. Extrapolating the curves to an intensity where 71% of the trials might be correct suggests a threshold less than 20 dB SPL in 4-day-old chicks and greater than 38 dB SPL in 0-day-old chicks.
The Teller (1984) that staircases can give no better results than the method of constant stimuli with optimally placed stimuli, seems to be supported by these data. The absence of any opportunity to habituate to acoustic stimulation probably also contributed to enhanced sensitivity.
A major disadvantage of the method of constant stimuli is that a large number of subjects are required to estimate a single threshold. A contrasting algorithm, where several thresholds are estimated from only a few subjects, is explored in the next experiment.
III. EXPERIMENT 3: k MODIFIED METHOD OF LIMITS
This experiment is basically a replication of experiment 1, with several changes in the procedure to make it more efficient. These changes include stopping each staircase after only two changes of direction, testing each subject at several frequencies, and starting the staircases at different intensities.
A statistically reliable difference between 0-and 4-dayold chickens was obtained in experiment 1 after only one change of direction in an ascending s aircase {see Fig. 5} . That is, to demonstrate a significant ag• by frequency interaction, it was sufficient to increase intensities until the first two successive correct responses were obtained. Reaching the first peak takes only a few trials. Reaching a second peak would add only a few more trials. Using a mean of these two peaks might improve the estimates of threshold as well as normalize their distribution {Mood and Graybill, 1963}.
If only a few trials were run at each frequency, then it would be possible to test each subject at several frequencies. A relatively complete audiogram could thus be measured in each bird.
The thresholds shown in Fig. 2 are likely to provide efficient starting intensities for future staircases. The "2-down-l-up" algorithm tends to drive intensifies upward as shown in Fig. 4 . An ideal starting intensity would thus be slightly below the lower mean threshold at each frequency. Birds that could hear these tones. would be likely to get the first few trials correct, while less sensitive subjects would drive the intensities upward. The ambiguous results at 4000 Hz would hopefully be avoided after starting at a louder intensity, as discussed above.
Step sizes were also enlarged to enhance possible age-related differences in absolute thresholds. A staircase with a different frequency began without pause after the termination of the previous staffcase until all six frequencies were tested or the bird failed to peep for 2 min. Data were retained for analysis if there was at least one completed staffcase at any frequency. A test in which a bird completed all six frequencies took about 25 min.
A. Method
The general strategy was to use the two-interval procedure of experiment 1, with only two changes of direction in each staircase, attempting to test each bird at all six frequencies. The starting intensities and step sizes were also slightly different.
I. Subjects
Subjects were 41 0-day-old chicks and 47 4-day-old chicks that had not been tested previously. The unequal sampie sizes are explained below. An additional 13 subjects failed to give any usable data.
Procedure
Staircases were started at different intensities for each of six frequencies: 47, 40, 35, 23, 26, and 47 dB SPL for 125, 250, 500, 1000, 2000, and 4000 Hz, respectively. Staircases to estimate absolute thresholds of these six frequencies were presented in random order; one staircase was finished before the next began. As in the previous experiments the stimuli were pulsing pure tones. The testing apparatus was identical.
As in experiment 1, stimulus and control trials were presented in randomly ordered pairs. The intensity of the acoustic stimulus was increased by 10 dB after every incorrect response until the first peak; that is, where the bird made two successive correct responses. Intensities were then decreased by 5 dB after every two correct responses until the second peak, at the next incorrect response. Threshold was 3. Neutral mode/ Simulation of this procedure revealed that a calculated threshold 18 dB higher than the starting intensity is expected from random behavior.
B. Results
Average absolute thresholds from the modified method of limits are shown in Fig. 7 for two ages and six different frequencies. All available data are pooled to make this figure; forty-one 0-day-old and forty-seven 4-day-old subjects contributed from one to six thresholds each. There are approximately 30 estimates in each group.
There is a clear developmental gradient over frequencies with age evident in these data. Six t tests comparing the two ages at each frequency, keeping the overall alpha below 0.05, show the only reliable differences are at 2000 and 4000 Hz. Thus thresholds at low frequencies were not reliably different at both ages whereas 4-day-old chicks had lower thresholds at high frequencies than newly hatched birds. With different starting levels there is now a clear difference in thresholds at 4000 Hz, not seen in experiment 1.
Normalized thresholds were used to look for (1) an effect of the order, 1st through 6th, in which the frequencies were tested, (2) consistently high or low thresholds across all six frequencies within given subjects, and {3) a relationship between thresholds and the number of staircases completed. Z scores were calculated for each estimated threshold based on the 12 distributions for each of two ages and six frequencies shown in Fig. 7. 
I. Order effect
There was no order effect. Six separate pools of Z scores were obtained for tests that occurred 1st through 6th in the randomized testing sequence. There was no significant trend in thresholds based on the position ofthe staircase within the testing sequence (r = -0.15). Thus habituation occurring from one frequency to another does not appear to confound these data. A threshold measured last is likely to be as sensitive as one measured first.
Subject effect ,
Some animals are more sensitive than others. Eightyeight pools of Z scores were obtained from all thresholds from each subject. Ten of these, or 16%, were significantly different from zero at the 0.05 level. This is more difference than expected by chance (p < 0.0005). This means that a bird with a higher than average threshold at one frequency is more likely to have higher thresholds at other frequencies. The repeated measures on each subject are thus somewhat correlated.
Number effect
Of all the subjects tested, only sixteen 0-day-old and ten 4-day-old birds completed all six staircases. Only this subset ofthe data is appropriate for a repeated measures analysis of variance {Winer, 1971 }. This evaluation showed a significant age by frequency interaction IF{5, 90} = 3.14, p = 0.01], as expected from experiment 1.
Examination of the normalized thresholds showed no difference between data from birds that finished all six tests and birds that finished less then six tests It (365}----0.002] . Thus there appears to be no bias in doing some statistical analyses on only the birds that completed all six tests, yet pooling all available data to obtain the best estimates of thresholds. The statistical problems resulting from partially dependent and partially independent measures are a disadvantage of the modified method of limits.
Comparison with random expectation
Repeated simulation of this procedure with a neutral model revealed an average calculated threshold 18 dB higher than the starting intensity. Random expectation is thus 65, 58, 53, 41, 44, and 65 dB SPL at 125-4000, respectively. One-tailed t tests showed that for the 0-day-old chicks the probabilities that the estimated thresholds were below the chance level were less than 0.005, 0.002, 0.02, 0.002, 0.01 and 0.12 at 125-4000 Hz, respectively. For the 4-day-old subjects these probabilities were less than 0.25 at 125 Hz and 0.0001 at the other frequencies. Remember that results which are not different from the neutral model may be underestimates of the true threshold. It is thus appropriate to conclude that thresholds are similar for both ages at 250, 500, and 1000 Hz and different at 2000 and 4000 Hz. At 125
Hz we can conclude only that the younger subjects are not less sensitive than the older subjects.
C. Discussion
This experiment showed the same developmental gradient across frequencies and age as shown in experiment 1.
There is an age by frequency interaction in the development of absolute thresholds. Low-frequency thresholds were similar at 0 and 4 days of age, while high-frequency thresholds were different. Thus thresholds mature at low frequencies before high.
While the modified method of limits replicates the age by frequency interaction, differences at each frequency may be less consistent because of the limited number of trials in each staircase. There appears to be such an inconsistency at 1 kHz in Figs. 2 and 7 . Statistically, however, the 95% confidence intervals of the differences between the ages at both 1 kHz and 500 Hz in experiments 1 and 3 overlap. That is, observed differences in estimated thresholds are within the range expected by chance. The location of 1 kHz at a "transition zone"--within that range of frequencies where thresholds are in the process of improving at 0 days of age•probably contributes to this variability between experiments.
This version of the modified method of limits provides an efficient algorithm for obtaining an audiogram on each neonatal subject. There seems to be little or no habituation from one frequency to another, as indicated by ,normalized thresholds; the first estimate is as sensitive as the last. More than one threshold from each subject allows a test of intrasubject consistency but causes some statistical difficulties.
Compared to experiment 1, the louder starting intensities and larger initial step size have caused less random behavior, again demonstrating that peep suppression is strongly influenced by stimulus intensity. Because of the overall departure from randomness, the thresholds from the 4-dayold birds are probably the best available estimate of a true audiogram for these young subjects.
IV. GENERAL DISCUSSION
A. The age by frequency interaction '
Inferences about the perceptions of nonverbal subjects are admittedly speculative, even under the best circumstances. The age by frequency interaction in these data, however, provides strong evidence that the developmental differenees are the result of changing reactions to the onset ofpure tones. In each experiment we showed that thresholds of younger and older chicks are different at high frequencies but the same at low frequencies. This trend was consistent across all three experiments, and thus supports a conclusion that thresholds to low-frequency tones mature before thresholds to high-frequency tones.
The double-interval staircase procedures {experiments 1 and 3} successfully compensated for any age-related differences in baseline peep rate, attention span, or proclivity to suppress voealizations. The start of trials only when birds were peeping at a predetermined rate as well as the control trial for each stimulus trial was probably responsible for being able to detect the age by frequency interaction. For these reasons age-related differences observed with these procedures likely indicate some change in perceptual development and' not some nonsensory artifact. Estimates of absolute thresholds may be lowered slightly by future methodological improvements, but the age by frequency interaction should not change with a more sensitive algorithm. 
B. Comparison with other data
The estimated thresholds from this procedure compare well with data from other studies of birds. Figure 8 shows the absolute thresholds of the 4-day-old birds from experiments 1-3 compared with estimates from other species of birds. The earlier data are all from mature subjects that were tested after relatively elaborate training (Hienz et al., 1977) .
Thresholds are equivalent, especially at low frequencies. The sensitivity of the staircase procedure using an unconditioned response thus approaches the sensitivity of other psychophysical techniques involving operant or classical conditioning. This similarity applies to grouped data, the mean of estimated thresholds from several subjects, and may apply to individual audiograms as well.
Since the peep suppression technique takes only a few minutes per bird and requires no previous training, it allows an investigation of developmental psychophysics. Tests that take days to complete are clearly inappropriate for measuring rapid neonatal changes in auditory perception. In addition, training introduces a potential source of confounding because observed developmental differences could be due to age-related differences in abilities to learn the testing proce- That is, without an example of psychophysical performance that approaches adult levels, the young animals' reactions to the procedure rather than the stimuli remain a possible explanation for developmental differences. Neonatal thresholds that approach adult levels under some conditions ease these interpretive and methodological concerns that psychophysical tests in young animals uniformly underestimate optimal performance. A procedure is likely to be appropriate for measuring neonates' thresholds if the estimates approach adult levels under some conditions. C. Discussion of the procedures There are differences among the estimates of thresholds from these three experiments. The differences are probably due to(1} habituation, (2} starting levels, (3} number of trials, and {4)natural variability. (1) The method of constant stimuli is the most sensitive procedure. This is expected since subjects cannot habituate to a single trial. The method of constant stimuli is also the least efficient procedure because each subject responds to only one stimulus. {2) The starting level at 4 kHz used in experiment 3 reveals a significant difference between the ages. The lack of difference at 4 kHz between the ages in experiment 1 is thus likely due to an inappropriately low starting level. Starting levels at 125 Hz in both experiments 1 and 3 are too low and lead to random thresholds. {3} The accuracy of estimated thresholds depends heavily on the number of trials per staircase (Teller, 1984) . With fewer trials there is less opportunity for convergence and a greater opportunity for random responses to misdirect the staircase. Such expected inconsistency is seen in a comparison of thresholds estimated from only one or two changes of direction {Figs. 5 and 7} with thresholds estimated from more trials {Fig. 2}. Large numbers of trials would be ideal, but newborn subjects do not tolerate long testing sessions and repeated trials cause habituation. Thus these procedures were designed as different approaches to the trade-off between number of trials, attention span, and habituation. Developmental trends can be evaluated with statistically acceptable reliability using staircases that contain relatively few trials as seen in experiment 3, but differences at each frequency may be inconsistent. More consistency requires more trials, time, and subjects as seen in experiments 1 and 2. {4} Relatively large variability may be an unavoidable disadvantage of doing psychophysical research on neonates. Before these experiments were begun, multiple pilot studies were conducted on various modifications of the procedure. Starting trials only when the birds were actively vocalizing, pairing each stimulus trial with a control trial, and not counting peeps within 500 ms of each trial's start, seemed to decrease variability in estimated thresholds. Nevertheless, considerable variability remains and contributes to inconsistencies between the experiments.
A possible disadvantage of using peep suppression as a response for psychoacoustical experiments is that thresholds were measured in actively vocalizing subjects. It is possible that the peeps could mask the stimuli, or that an acoustic reflex during vocalization (Counter and Borg, 1979} could decrease sensitivity. There are, however, three reasons why this self-masking is unlikely to have affected the data: {1 } the onset of tones at the end of peeps; {2} the use of a 500-ms adjustment period to pulsing tones; and {3} the spectral tomposition of the peeps. (1) The specially built discriminator triggers at the end of peeps. With the relatively long rise times of these stimuli, full power of the stimulus was thus reached after most vocalizations had ceased. (2} The period between pulsing tones was « s, and the average interpeep interval was 0.4 s. Thus the onset of the second tone pulse is likely to occur when the chicken is silent. It is at this time, « s after the start of each trial, that the measurement of peep suppression begins. There is one onset, almost « s of steady tone, a brief pause, and then a second onset before the timing of suppression begins. Therefore, birds have ample opportunity between their peeps to react to the stimulus before the response is recorded. {3} Even if thresholds do not return to normal between peeps and some masking occurs, it is unlikely to be the reason for the age by frequency interaction shown by these data. The lowering of voices over these ages occurs between 3 and 2 kHz. Spectrographic analyses of peeps reveal no measurable power below 1500 Hz, equivalent power at both ages around 4 kHz, and more power around 2 kHz in the peeps of 4-day-old birds than in the 0-day-old birds. Because there is more energy around 2 kHz in the peeps of 4-day-old chicks than 0-day-olds, masking by the subjects' vocalizations would be expected to raise the thresholds at 2 kHz in 4-day-old chicks relative to O-dayolds. The opposite result was obtained. Thus, the lower thresholds at high frequencies obtained from the older birds argues against a major contribution of masking to these re- 
